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SUPPORTING MATERIAL 1 
 2 
Retinal configuration of ppR intermediates revealed by photo-irradiation 3 



































C NMR chemical shift values of [14, 20-
13
C] Ret in retinal binding 20 





C Configuration  Ref. 
ppR (0°C) G-state 13.3  13-trans, 15-anti (1) 
 M-intermediate  22.3  13-cis, 15-anti (1) 
      
ppR (-20°C) G-state 13.5  13-trans, 15-anti (1) 
 M-intermediate 24.1, 22.5, 
21.7 
 13-cis, 15-anti (1) 
      
ppR (-40°C) G-state 13.5 121.7 13-trans, 15-anti  
 M-intermediate 22.3 126.8 13-cis, 15-anti  
      
ppR (-60°C) G-state 13.6 121.6 13-trans, 15-anti  
 O-intermediate 16.4 115.4 13-trans, 15-syn  
 M-intermediate 22.6 127.1 13-cis, 15-anti  
 N’-intermediate 23.9 115.4 13-cis  
      
ppR/pHtrII 
(0°C) 
G-state 13.6  13-trans, 15-anti (1) 
 M-intermediate 22.7  13-cis, 15-anti (1) 
      
ppR/pHtrII 
(-20°C) 
G-state 13.5  13-cis, 15-anti (1) 
 M-intermediate 23.5, 22.3, 
21.3  
 13-cis, 15-anti (1) 
      
ppR/pHtrII 
(-40°C) 
G-state 13.5  13-trans, 15-anti  
 O-intermediate 16.1  13-trans  
 M-intermediate 22.1, 22.9   13-cis, 15-anti  
 N’-intermediate 23.9  13-cis  
      




 M-intermediate 19.8   13-cis (3) 
 P-intermediate 24.8   13-cis, 15-anti (3) 
      
bR bR(568)(AT) 13.3 122.0 13-trans, 15-anti (4) 
 bR(568)(CS) 22.0 110.5 13-cis, 15-syn (4) 
 M0 21.5 124.5 13-cis, 15-anti (5) 











 N  115.2 13-cis, 15-anti (7) 
      
bR  
(Y185F) 
AT 13.2 123.1 13-trans, 15-anti (8) 
 CS 21.7 110.0 13-cis, 15-syn (8) 
 CS* 18.0 115.3 13-cis, 15-syn (8) 
 N 19.2 125.4 13-cis, 15-anti (8) 
 O 13.2 123.1 13-trans, 15-anti (8) 
 22 
Reference  23 
1.  Tomonaga, Y., T. Hidaka, I. Kawamura, T. Nishio, K. Ohsawa, T. Okitsu, A. 24 
Wada, Y. Sudo, N. Kamo, A. Ramamoorthy, and A. Naito. 2011. An active 25 
photoreceptor intermediate revealed by in situ photoirradiated solid-state NMR 26 
spectroscopy. Biophys. J. 101: L50–L52. 27 
2.  Yomoda, H., Y. Makino, Y. Tomonaga, T. Hidaka, I. Kawamura, T. Okitsu, A. 28 
Wada, Y. Sudo, and A. Naito. 2014. Color-discriminating retinal configurations 29 
of sensory rhodopsin i by photo-irradiation solid-state NMR spectroscopy. 30 
4 
 
Angew. Chemie Int. Ed. 53: 6960–6964. 31 
3.  Yomoda, H., Y. Makino, Y. Tomonaga, T. Hidaka, I. Kawamura, T. Okitsu, A. 32 
Wada, Y. Sudo, and A. Naito. 2014. Color-discriminating retinal configurations 33 
of sensory rhodopsin i by photo-irradiation solid-state NMR spectroscopy. 34 
Angew. Chemie - Int. Ed. 53: 6960–6964. 35 
4.  Harbison, G.S., S.O. Smith, J.A. Pardoen, C. Winkel, J. Lugtenburg, J. Herzfeld, 36 
R. Mathies, and R.G. Griffin. 1984. Dark-adapted bacteriorhodopsin contains 37 
13-cis, 15-syn and all-trans, 15-anti retinal Schiff bases. Proc. Natl. Acad. Sci. 38 
81: 1706–1709. 39 
5.  Bajaj, V.S., M.L. Mak-Jurkauskas, M. Belenky, J. Herzfeld, and R.G. Griffin. 40 
2009. Functional and shunt states of bacteriorhodopsin resolved by 250 GHz 41 
dynamic nuclear polarization-enhanced solid-state NMR. Proc. Natl. Acad. Sci. 42 
106: 9244–9. 43 
6.  Petkova, A.T., M. Hatanaka, C.P. Jaroniec, J.G. Hu, M. Belenky, M. Verhoeven, 44 
J. Lugtenburg, R.G. Griffin, and J. Herzfeld. 2002. Tryptophan interactions in 45 
bacteriorhodopsin: A heteronuclear solid-state NMR study. Biochemistry. 41: 46 
2429–2437. 47 
7.  Lakshmi, K. V., M.R. Farrar, J. Herzfeld, R.G. Griffin, J. Raap, J. Lugtenburg, 48 
5 
 




N NMR Investigations of the N 49 
Intermediate of Bacteriorhodopsin. Biochemistry. 33: 8853–8857. 50 
8.  Oshima, K., A. Shigeta, Y. Makino, I. Kawamura, T. Okitsu, A. Wada, S. Tuzi, T. 51 
Iwasa, and A. Naito. 2015. Characterization of photo-intermediates in the 52 
photo-reaction pathways of a bacteriorhodopsin Y185F mutant using in situ 53 
photo-irradiation solid-state NMR spectroscopy. Photochem. Photobiol. Sci. 14: 54 
1694–1702. 55 
 56 
